There are limited data regarding whether albuminuria and reduced estimated GFR (eGFR) are separate and independent risk factors for cardiovascular and renal events among individuals with type 2 diabetes. The Action in Diabetes and Vascular disease: preterAx and diamicroN-MR Controlled Evaluation (ADVANCE) study examined the effects of routine BP lowering on adverse outcomes in type 2 diabetes. We investigated the effects of urinary albumin-to-creatinine ratio (UACR) and eGFR on the risk for cardiovascular and renal events in 10,640 patients with available data. During an average 4.3-yr follow-up, 938 (8.8%) patients experienced a cardiovascular event and 107 (1.0%) experienced a renal event. The multivariable-adjusted hazard ratio for cardiovascular events was 2.48 (95% confidence interval 1.74 to 3.52) for every 10-fold increase in baseline UACR and 2.20 (95% confidence interval 1.09 to 4.43) for every halving of baseline eGFR, after adjustment for regression dilution. There was no evidence of interaction between the effects of higher UACR and lower eGFR. Patients with both UACR Ͼ300 mg/g and eGFR Ͻ60 ml/min per 1.73 m 2 at baseline had a 3.2-fold higher risk for cardiovascular events and a 22.2-fold higher risk for renal events, compared with patients with neither of these risk factors. In conclusion, high albuminuria and low eGFR are independent risk factors for cardiovascular and renal events among patients with type 2 diabetes.
Diabetes is a major global health problem, currently affecting an estimated 246 million people worldwide, with a doubling of this prevalence expected in the next 30 yr. 1 Compared with people without diabetes, affected individuals are at increased risk for both cardiovascular events and kidney disease. 2, 3 Increased urinary albumin excretion (albuminuria) and reduced GFR both have been demonstrated to be risk factors for progressive kidney failure and cardiovascular disease. [4] [5] [6] [7] [8] [9] Guidelines therefore recommend the annual assessment of albuminuria and GFR, and this has become accepted as common practice. 10 -13 Although both renal functional parameters are believed to be risk factors for cardiovascular events, 4 -9 there are limited data as to whether these two factors are associated with adverse outcomes independent not only of other known cardiovascular risk factors but also of each other in people with type 2 diabetes. 14 -19 The BP-lowering arm of the Action in Diabetes and Vascular disease: preterAx and diamicroN-MR Controlled Evaluation (ADVANCE) study recently reported that the routine administration of a fixed combination of the angiotensinconverting enzyme inhibitor perindopril and the diuretic indapamide to a broad cross-section of patients with type 2 diabetes reduced the risk for cardiovascular and kidney outcomes, regardless of initial BP level. 20 More recently, the glucose-lowering arm of ADVANCE reported that intensive glucose lowering based on gliclazide (modified release) reduced the risk for new or worsening nephropathy. 21 Herein, we present the findings of observational analyses examining the association between albuminuria and GFR at baseline or during follow-up and the risk for cardiovascular events and renal events in type 2 diabetes. Table 1 shows the baseline characteristics of the 10,640 patients for whom urinary albumin-to-creatinine ratio (UACR) and serum creatinine measurements were available at baseline. UACR levels at baseline were in the normoalbuminuric, microalbuminuric, and macroalbuminuric ranges in 69, 27 , and 4% of patients, respectively. The proportions with estimated GFR (eGFR) of Ն90, 60 to 89, and Ͻ60 ml/min per 1.73 m 2 were 25, 56, and 19%, respectively. Forty-three (0.4%) patients had eGFR of Ͻ30 ml/min per 1.73 m 2 . A total of 62% of patients with GFR Ͻ60 ml/min per 1.73 m 2 had normoalbuminuria (Table 2) .
RESULTS

Baseline Characteristics
Risk for Cardiovascular Events, Cardiovascular Death, and Kidney Failure According to Baseline Albuminuria and eGFR Levels
During an average follow-up of 4.3 yr, a total of 938 (8.8%) patients experienced a cardiovascular event, 432 (4.1%) of which were fatal, and 107 (1.0%) developed a renal event.
Higher UACR levels at baseline were log-linearly associated with an increased risk for cardiovascular events, cardiovascular death, and renal events, after adjustment for age, gender, duration of diabetes, eGFR, systolic BP (SBP), history of currently treated hypertension, history of cardiovascular disease, hemoglobin A 1c (HbA 1c ), serum LDL cholesterol, serum HDL cholesterol, serum triglycerides, body mass index, electrocardiogram abnormalities, current smoking, and current alcohol intake. These associations were observed even within the normoalbuminuric range (Figure 1) . Similarly, the risk for each outcome increased log-linearly with lower eGFR levels. Every 10-fold increment in baseline UACR, which corresponds approximately to a change from one clinical stage of albuminuria to the next (i.e., from normo-to microalbuminuria or from micro-to macroalbuminuria), was associated with a 1.6-fold (95% confidence interval [CI] 1.3 to 1.9), two-fold (95% CI 1.8 to 2.3), and 3.3-fold (95% CI 2.1 to 5.1) higher, multivariableadjusted risk of cardiovascular events, cardiovascular death, and renal events, respectively. For every halving of baseline eGFR, the risk for these outcomes increased 1.5-fold (95% CI 1.1 to 2.1), 1.9-fold (95% CI 1.5 to 2.5), and 8.4-fold (95% CI 3.6 to 19.5), respectively. After correction for regression dilution, these estimates were substantially increased. A 10-fold increment in UACR was associated with a 2.5-fold (95% CI 1.7 to 3.5), 3.9-fold (95% CI 3.0 to 5.0), and 10.5-fold (95% CI 4.3 to 25.5) higher, multivariable-adjusted risk for cardiovascular events, cardiovascular death, and renal events, respectively. For every halving of baseline eGFR, the risk for these outcomes increased 2.2-fold (95% CI 1.1 to 4.4), 3.6-fold (95% CI 2.1 to 6.0), and 63.6-fold (95% CI 12.1 to 335.2), respectively. These log-linear relationships were present in parallel between the randomized BP treatment groups, as well as the randomized glucose treatment groups, without any evidence of heterogeneity in the association (P Ͼ 0.16 for heterogeneity).
We also estimated the combined effects of baseline UACR and eGFR levels on the risk for cardiovascular events, cardiovascular death, and renal events (Figure 2 ). The effects of higher UACR and lower eGFR were independent of each other (all P Ͼ 0.20 for interaction). When compared with patients with normoalbuminuria and eGFR Ն90 ml/min per 1.73 m 2 , patients with both macroalbuminuria and eGFR Ͻ60 ml/min per 1.73 m 2 were at 3.2-fold higher risk (95% CI 2.2 to 4.7) for cardiovascular events as well as 5.9-fold higher risk (95% CI 3.5 to 10.2) for cardiovascular death and 22.2-fold higher risk (95% CI 7.6 to 64.7) for renal events.
The effects of higher baseline UACR and lower baseline eGFR levels fitted as a continuous variable with cardiovascular events, cardiovascular death, and renal events were independent of each other and of other known risk factors, including SBP. On the basis of the magnitude of risk associated with 1-SD difference in the level of each factor, the effects of baseline UACR or baseline eGFR seemed to be of comparable magnitude to those of other established cardiovascular risk factors on the risk for cardiovascular events and cardiovascular death (Figure 3) .
When the results were analyzed according to the clinical stage of chronic kidney disease (CKD) as defined by current guidelines, the risk for cardiovascular events and renal events generally increased according to CKD stage (Table 3) . Furthermore, individuals with UACR of 30 mg/g and stage 3 CKD (eGFR 30 to 59 ml/min per 1.73 m 2 ) were at greatest risk for all outcomes (Table  3) . Similar findings were observed for allcause mortality, major coronary events, and major cerebrovascular events (Supplemental Tables 1 through 3 and Supplemental Figures 1 and 2 Hazard ratio (95% CI)
Baseline UACR (mg/g) In sensitivity analyses, using the Cockcroft-Gault formula rather than the Modification of Diet in Renal Disease (MDRD) formula to estimate GFR, the results were similar. Albuminuria and reduced eGFR remained strong and continuous risk factors, independent of each other and of other known cardiovascular risk factors.
Risk for Cardiovascular Events and Death According to Albuminuria and GFR Levels during Follow-up
Because levels of albuminuria, kidney function, and other risk factors may change over time, potentially diluting their association with subsequent events, we additionally assessed the association of albuminuria and eGFR during follow-up with the risk for cardiovascular events after adjusting for follow-up levels of major cardiovascular risk factors. The median values of follow-up UACR and follow-up eGFR for each category were 5.3, 15.8, 42.0, 119.3, and 494.2 g/mg and 39.5, 54.3, 67.7, 81.5, and 101.5 ml/min per 1.73 m 2 , respectively. The risk for cardiovascular events was associated log-linearly with the UACR and eGFR levels during follow-up in analyses adjusted for a wide range of potential confounding factors, including SBP (both P Ͻ 0.0001 for trend; Figure 4 ). There was no evidence of heterogeneity in the association between randomized treatment groups (both P Ͼ 0.47 for heterogeneity). These relationships were present for both factors, with similar associations for albuminuria detected in subgroups with follow-up eGFR above and below 60 ml/min per 1.73 m 2 , for eGFR in subgroups with follow-up UACR above and below the threshold for the definition of microalbuminuria, 30 mg/g, and for both parameters in subgroups with follow-up SBP above and below 140 mmHg (all P Ͼ 0.17 for heterogeneity). Similar findings were observed for cardiovascular death.
DISCUSSION
These analyses demonstrate that both increased urinary albumin excretion and reduced eGFR are independently and continuously associated with the risk for both cardiovascular and kidney outcomes in patients with type 2 diabetes. There was no evidence of any interaction between these risk factors, so patients with both elevated albuminuria and reduced eGFR were at the highest risk, and the relationship was not mitigated by adjustment for other conventional risk factors. In fact, some of the cardiovascular and kidney outcomes were more strongly related to baseline and follow-up levels of albuminuria or eGFR than they were to other, very-well-established risk factors, such as SBP. These analyses therefore highlight the potential additional value of assessment of albuminuria and eGFR in risk assessment for individuals with type 2 diabetes.
This study has clearly shown that the associations with albuminuria and reduced eGFR are strong and independent across the range of observed values in a large population with type 2 diabetes. Comparable findings were also reported by several community-based studies. [15] [16] [17] [18] [19] Data from 14,586 US community-based individuals demonstrated that individuals with both macroalbuminuria and eGFR Ͻ60 ml/min per 1.73 m 2 were at four-fold higher risk for cardiovascular death and three-fold greater risk for all-cause death as compared individuals with normoalbuminuria and eGFR Ն90 ml/min per 1.73 m 2 . 18 The Second Nord-Trøndelag Health (HUNT II) study also reported that the presence of microalbuminuria and reduced eGFR was associated with a higher risk for cardiovascular death in 9709 community-based participants, and the addition of UACR and eGFR to the traditional risk prediction model improved cardiovascular risk stratification. 17 The HUNT II study was limited, however, by the fact that it could describe the relationship only for fatal events confirmed by death certificates, whereas this study demonstrates the relationship is present for fatal and nonfatal outcomes as adjudicated by an end point committee. These results suggest that assessment of both albuminuria and eGFR levels is needed to improve our ability to identify individuals with high risk for cardiovascular complications and to institute appropriate preventive measures.
The mechanism through which the relationship between albuminuria and GFR and cardiovascular and renal outcomes might be mediated is an area of great interest. Although albuminuria is considered a key aspect of the pathogenesis of pro- gressive kidney dysfunction, progressive reduction in GFR was described in patients with type 1 diabetes and biopsy-proven diabetic nephropathy in the absence of proteinuria. 22 Similar morphologic data are absent in type 2 diabetes, but this phenomenon of reduced GFR in the absence of significant albuminuria was previously described in several epidemiologic data of patients with type 2 diabetes, [23] [24] [25] although the clinical sequelae in such patients has not been previously determined.
It has been suggested that albuminuria and reduced GFR may simply represent the renal manifestations of systemic endothelial dysfunction 26, 27 and systemic atherosclerosis, 28, 29 respectively. Indeed, it is likely that albuminuria and reduced GFR may be markers of different pathologic processes. The pathophysiology of the independently increased risk associated with both risk factors requires further exploration.
This study showed that patients with stages 1 and 2 CKD, defined as eGFR Ն60 ml/min per 1.73 m 2 and UACR Ն30 mg/g, 11 have a substantially increased risk for cardiovascular disease and kidney failure compared with those without CKD manifestations. Although the risk in people with stage 3 CKD was higher overall than for stages 1 and 2, important differences were observed within this group. Specifically, the risk for cardiovascular and renal events was lower in patients with normoalbuminuria and stage 3 CKD than in those with stage 2 CKD, manifested "only" by albuminuria. A similar finding was reported from a community-based cohort study. 30 These findings suggest that additional stratification of stage 3 CKD into subgroups with differing risks for cardiovascular and kidney disease is possible by considering the presence or absence of albuminuria.
The independent continuous relation between albuminuria observed during follow-up and cardiovascular events suggests that measuring albuminuria as well as BP may be useful in monitoring BP-lowering treatment effects. 31, 32 In the main analyses of the ADVANCE BP 20, 33 and glucose-lowering 21 arms, both interventions were shown to reduce the likelihood of progression in albuminuric state, as well as suggesting positive effects for macrovascular events. Long-term follow-up of the United Kingdom Prospective Diabetes Study (UKPDS) 34 suggested that the benefits of these interventions on cardiovascular events may continue to grow, and it is tempting to speculate that reduction in albuminuria may play a role in this benefit.
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Hazard ratio (95% CI) Closed and open squares represent HR in subgroups for eGFR of Ն60 and Ͻ60 ml/min per 1.73 m 2 , UACR of Ͻ30 and Ն30 mg/g, or SBP of Ͻ140 and Ն140 mmHg. The estimates are adjusted for age; gender; follow-up log-transformed eGFR (or follow-up log-transformed UACR); follow-up SBP; follow-up HbA 1c ; follow-up LDL cholesterol; follow-up HDL cholesterol; follow-up log-transformed triglycerides; follow-up BMI; randomized study treatment; and baseline covariates, including duration of diabetes, history of currently treated hypertension, history of macrovascular disease, electrocardiogram abnormalities, current smoking, and current drinking. In the subgroup analysis, the risk factor relevant to the subgroup was excluded from the multivariable model. The HRs and 95% CI for the regression lines were corrected with the regression dilution attenuation coefficient of log-transformed UACR (1.98) and log-transformed eGFR (1.96).
In this study, every halving of UACR during follow-up was associated with a 20% lower risk for cardiovascular events. Interestingly, this association was similar in patients with higher and lower SBP during follow-up and was directly comparable to the 18% reduction in the risk for cardiovascular disease for every halving of albuminuria rates reported from the Reduction in Endpoints in Noninsulin dependent diabetes mellitus with the Angiotensin II Antagonist Losartan (RENAAL) study. 35 In that study, discordant responses between albuminuria and BP were observed in a significant proportion of individuals, adding more support for albuminuria as a therapeutic target in addition to BP in patients with type 2 diabetes; however, both the analyses from RENAAL and this study are observational and should therefore be regarded as primarily exploratory.
The strengths of this study include the large sample size that allowed for precise estimations of the independent effects of albuminuria and GFR level on cardiovascular risk. In addition, the effects of regression dilution bias of risk factor levels on the risk estimates were measured and corrected in this analysis, providing a more accurate measure of the magnitude of the associations. 36 The limitations of this study should also be noted. First, it is widely recognized that GFR estimated using the MDRD equation leads to a certain degree of misclassification of eGFR levels; however, this limitation is unlikely to change our conclusions, because the sensitivity analysis using the Cockcroft-Gault equation to estimate GFR made little differences to the findings. Second, relatively few participants had macroalbuminuria and/or a eGFR Ͻ30 ml/min per 1.73 m 2 , thereby limiting the ability to assess the impact of these factors in more advanced nephropathy. Third, the generalizability of our findings may be limited, because the population studied was patients who had type 2 diabetes and were willing to participate in a trial; however, we believe that this study population would be representative of those seen in the community 36 because of the inclusion of a broad spectrum of individuals with type 2 diabetes. Finally, measurements of serum creatinine and UACR were based on a single blood or urine sample at each visit. Assays were conducted locally rather than at a central laboratory and without calibration among laboratories, introducing a source of variability that may have reduced the precision of the results.
In conclusion, albuminuria and reduced eGFR are continuous risk factors for cardiovascular and kidney outcomes in patients with type 2 diabetes that are independent of each other and of other known risk factors. Routine measurement of both albuminuria and eGFR may therefore improve current tools for risk assessment in patients with type 2 diabetes.
CONCISE METHODS
Study Design and Participants
ADVANCE is a factorial, randomized, controlled trial evaluating the effects of BP lowering and intensive blood glucose control on vascular outcomes. A detailed description of the design has been published previously. 37 In brief, 11,140 individuals who had type 2 diabetes, were aged Ն55 yr, and had at least one additional risk factor for cardiovascular disease were enrolled from 215 centers in 20 countries. No participant inclusion or exclusion criteria were based on levels of BP or GFR, but the presence of albuminuria was one of a number of potential eligibility criteria for inclusion. Eligible participants were randomly assigned to either a fixed combination of perindopril and indapamide (4 mg/1.25 mg) or matching placebo and to either a gliclazide (modified release)-based intensive glucose control regimen or standard glucose control based on local guidelines of participating countries, after a 6-wk active run-in period. For this study, a total of 10,640 patients were studied after the exclusion of 500 patients for whom levels of UACR or serum creatinine at baseline were unavailable. Approval for the trial was obtained from each center's institutional review board, and all participants provided written informed consent.
Follow-up and Assessments
Participants were seen at 3, 4, and 6 mo after randomization and subsequently every 6 mo. Measurement of UACR was performed on spot urine samples at baseline, 24 mo, and 48 mo after randomization and at the end of follow-up. Serum creatinine was measured at baseline, at the conclusion of the run-in period, 4 and 12 mo after randomization, at subsequent yearly intervals, and at the end of followup. Both UACR and serum creatinine were measured at local laboratories. eGFR was calculated by the four-variable MDRD equation. 10 At each study visit, BP was recorded as the mean of two measurements made in the seated position using an automated sphygmomanometer (Omron HEM-705 CP; Omron, Tokyo, Japan).
Albuminuria and GFR Categories
Microalbuminuria was defined as a UACR of 30 to 300 mg/g using ordinal cutoff points and macroalbuminuria as a UACR of Ͼ300 mg/g. 10 Albuminuria levels in the normoalbuminuric and microalbuminuric range were further divided at the median level into the following categories: Low-normal (Ͻ9.1 mg/g), high-normal (9.1 to 29.9 mg/g), low microalbuminuria (30.0 to 65.5 mg/g), and high microalbuminuria (65.6 to 300.0 mg/g). Baseline eGFR levels were divided at 15- ). In addition, stage 3 was subclassified into two categories according to the status of albuminuria: UACR Ͻ30 mg/g and UACR Ն30 mg/g.
Outcomes
The main outcomes for this study were cardiovascular events (cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke), cardiovascular death, and renal events (death as a result of kidney disease, requirement for dialysis or transplantation, or doubling of serum creatinine to Ͼ200 mol/L). The secondary outcomes were all-cause death, major coronary events (death as a result of coronary CLINICAL EPIDEMIOLOGY www.jasn.org heart disease [including sudden death] or nonfatal myocardial infarction), and major cerebrovascular events (death as a result of cerebrovascular disease or nonfatal stroke). Only the first event of the relevant outcome type was included in each analysis. All of these events were reviewed and validated by an independent end point adjudication committee.
Statistical Analysis
UACR and eGFR were transformed into natural logarithms because of their skewed distribution. The risk estimates for each outcome associated with UACR or eGFR at baseline were estimated using a Poisson log-linear regression model after adjustment for potentially confounding baseline covariates. The selection of variables was based on identifying all measured clinical variables of known or suspected prognostic importance for the outcomes of interest. Forty-three missing values of eGFR at baseline were imputed by a value recorded during the run-in period.
Associations between follow-up levels of UACR, eGFR, and other known risk factors with the risk for each outcome were assessed using the pooling of repeated observations method. 38, 39 Briefly, each participant's follow-up period was divided into a series of intervals defined by the 2-yr visits. The presence or absence of the relevant outcome was documented during each interval and coupled to the UACR levels recorded at the beginning of the interval and to the time-weighted average of eGFR levels and other risk factors recorded during the interval, before the development of the relevant event. Missing values for a variable at any one visit were imputed by using the value recorded during the previous visit. The proportions of missing values over time were Ͻ9.6% for all of the relevant variables in this analysis. 40 The participants generated 30,900 intervals. These intervals were divided into five ordinal categories of follow-up UACR and eGFR using the same definition of categories described already for the baseline analyses.
Trends in relationships between categories of the relevant factor and the risk for outcomes were tested by adding the median value of each factor for each category to the relevant Poisson model. The variances of each risk estimate were calculated by using the floating absolute risk method. 41, 42 The regression line for the risk estimates according to UACR and eGFR levels at baseline or during follow-up were fitted using regression analysis with inverse variance weighting. 42 The heterogeneity in the relationship between subgroups was tested by adding interaction terms between median values of each variable and subgroups to the model. The repeated measures at baseline and during the follow-up period in the placebo group were used to estimate a regression dilution attenuation coefficient for the relevant variable by using a linear mixed model 36 to correct for regression dilution bias in the continuous association between each factor and each outcome.
The SAS 9.1 for Windows (SAS Institute, Cary, NC) was used to perform statistical analyses. All P values were calculated from twotailed tests of statistical significance with a type I error rate of 5%.
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